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(57)Abstract: 

PROBLEM TO BE SOLVED: To easily ensure the attenuation band characteristic 



of a surface acoustic wave filter by connecting an inductive element to a surface 
acoustic wave resonator. 

SOLUTION: The surface acoustic wave filter with a prescribed pass band and a 
prescribed attenuation band is characterized in that the surface acoustic wave 
filter comprises a piezoelectric substrate and a plurality of one-terminal pair 
surface acoustic wave resonators formed on the piezoelectric substrate and an 
inductive element is connected in parallel with at least one surface acoustic wave 
resonator connected in series between an input terminal and an output terminal, 
and varying the inductive inductance can easily ensure a desired attenuation 
band characteristic. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface acoustic wave filter characterized by connecting an 
inductance component at juxtaposition at at least one surface acoustic wave 
resonator connected to the serial between the input terminal and the output 
terminal in the surface acoustic wave filter which is constituted in two or more 1 
terminal-pair surface acoustic wave resonators formed on the piezoelectric 
substrate and said piezoelectric substrate, and has a predetermined passband 
and a predetermined attenuation band. 

[Claim 2] The surface acoustic wave filter according to claim 1 characterized by 
determining that the value of said inductance component becomes said 
predetermined attenuation band frequency about the parallel resonating 
frequency which happens with said surface acoustic wave resonator and said 
inductance component. 

[Claim 3] The surface acoustic wave filter according to claim 1 or 2 characterized 
by forming said inductance component in a low-temperature baking ceramic 
substrate top or its interior. 

[Claim 4] The surface acoustic wave filter characterized by to have been 
constituted in two or more 1 terminal-pair surface acoustic wave resonators 



formed on the piezoelectric substrate and said piezoelectric substrate, to have 
connected the inductance component to at least one surface acoustic wave 
resonator which arranged two or more surface acoustic wave resonators on 
juxtaposition between the input terminal and the output terminal in the surface 
acoustic wave filter which has a predetermined passband and a predetermined 
attenuation band, and was arranged on said juxtaposition at the serial, and to 
connect between said surface acoustic wave resonators respectively in the 
transmission line. 

[Claim 5] The surface acoustic wave filter according to claim 4 characterized by 
constituting said transmission line from an LC circuit. 

[Claim 6] The surface acoustic wave filter characterized by determining that the 
value of said inductance component becomes said predetermined attenuation 
band frequency about the series resonating frequency which happens in a 
surface acoustic wave filter according to claim 4 or 5 with the surface acoustic 
wave resonator arranged on said juxtaposition, and the inductance component 
connected to said serial. 

[Claim 7] A surface acoustic wave filter given in either of claims 4-6 characterized 
by forming at least one or more components in a low-temperature baking ceramic 
substrate top or its interior. 

[Claim 8] The antenna common machine constituted from the surface acoustic 
wave filter or claim 4 of a publication by either of claims 1-3 using at least one of 
the surface acoustic wave filters given in seven. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the antenna common machine 
using the surface acoustic wave filter and it which are used for mobile 
communication equipment. 
[0002] 

[Description of the Prior Art] The conventional surface acoustic wave filter has a 
common ladder mold circuit as shown in drawing 7 , and the frequency 
characteristics are expressed with drawing 8 R> 8. although this surface acoustic 
wave filter is used as a filter which obtains the steep magnitude of attenuation, 
the series resonating frequency and the parallel resonating frequency which are 
two resonance which each surface acoustic wave resonator has are about 1 law 
in the property of the piezoelectric substrate 1, i.e., an electromechanical 
coupling coefficient, and since when there are a desired passband 152 and a 
desired attenuation band 153 must perform the filter design doubled with the 
passband 152, when frequency spacing of a passband 152 and an attenuation 
band 153 is large, an attenuation pole 154 serves as a frequency higher than an 
attenuation band 153. The magnitude of attenuation of an attenuation band 153 
will deteriorate in this case as a result. This is also the same as when an 
attenuation band turns into a frequency band higher than a passband. 
[0003] 

[Problem(s) to be Solved by the Invention] Becoming a technical problem in the 
above-mentioned surface acoustic wave filter has the design of the attenuation 
band of a surface acoustic wave filter in a difficult thing. 
[0004] Usually, since the property of an attenuation band changes under the 



effect of a parasitic element etc., it becomes the form where design the surface 
acoustic wave filter set by it, and a property is secured, but since desired 
electrical characteristics may not be acquired and it is necessary to also take the 
variation in a parasitic element into consideration even if it improves the design of 
a surface acoustic wave filter depending on the magnitude of a parasitic element, 
reservation of the magnitude of attenuation of an attenuation band is difficult. 
[0005] This invention aims at making easy reservation of an attenuation band, 
especially the magnitude of attenuation in the antenna common machine which 
used such a surface acoustic wave filter and it. 
[0006] 

[Means for Solving the Problem] In order to solve this technical problem, the 
surface acoustic wave filter of this invention is constituted in two or more 1 
terminal-pair surface acoustic wave resonators formed on the piezoelectric 
substrate and said piezoelectric substrate, and it considers as the surface 
acoustic wave filter characterized by connecting an inductance component at 
juxtaposition at at least one surface acoustic wave resonator connected to the 
serial between the input terminal and the output terminal in the surface acoustic 
wave filter which has a predetermined passband and a predetermined 
attenuation band. 

[0007] Moreover, it considers as the surface acoustic wave filter characterized by 
determining that the value of said inductance component becomes said 
predetermined attenuation band frequency about the parallel resonating 
frequency which happens with said surface acoustic wave resonator and said 
inductance component. 

[0008] By making it these configurations, when an attenuation band is a 
frequency higher than a passband, magnitude-of-attenuation reservation of the 
attenuation band of a surface acoustic wave filter can be realized easily. 
[0009] Moreover, it is constituted in two or more 1 terminal-pair surface acoustic 
wave resonators formed on the piezoelectric substrate and said piezoelectric 
substrate, and sets in the surface acoustic wave filter which has a predetermined 



passband and a predetermined attenuation band. An inductance component is 
connected to at least one surface acoustic wave resonator which arranged two or 
more surface acoustic wave resonators on juxtaposition between the input 
terminal and the output terminal, and was arranged on said juxtaposition at a 
serial. Desired magnitude-of-attenuation reservation can be realized by 
considering as the surface acoustic wave filter characterized by connecting 
between said surface acoustic wave resonators respectively in the transmission 
line, without degrading an insertion loss. 

[0010] Furthermore, it is also possible to constitute said transmission line from an 
LC circuit. 

[001 1] Furthermore, it considers as the surface acoustic wave filter characterized 
by determining that the value of said inductance component becomes said 
predetermined attenuation band frequency about the series resonating frequency 
which happens with the surface acoustic wave resonator arranged on said 
juxtaposition, and the inductance component connected to said serial. 
[0012] By making it these configurations, when an attenuation band is a 
frequency lower than a passband, magnitude-of-attenuation reservation of the 
attenuation band of a surface acoustic wave filter can be realized easily. 
[0013] Moreover, a surface acoustic wave filter with easy magnitude-of- 
attenuation reservation is realizable by forming the inductance component of the 
above-mentioned surface acoustic wave filter, the transmission line, and LC 
circuit in a low-temperature baking ceramic substrate top or the interior, attaining 
the miniaturization of a filter. 

[0014] Moreover, an antenna common machine with more easy magnitude-of- 
attenuation reservation is realizable with constituting an antenna common 
machine using at least one of the above-mentioned surface acoustic wave filters. 
[0015] 

[Embodiment of the Invention] In the surface acoustic wave filter which invention 
of this invention according to claim 1 is constituted in two or more 1 terminal-pair 
surface acoustic wave resonators formed on the piezoelectric substrate and said 



piezoelectric substrate, and has a predetermined passband and a predetermined 
attenuation band It has the operation which can secure the magnitude of 
attenuation of the attenuation band of a surface acoustic wave filter easily to 
juxtaposition by considering as the surface acoustic wave filter characterized by 
connecting an inductance component in at least one surface acoustic wave 
resonator connected to the serial between the input terminal and the output 
terminal. 

[0016] Invention according to claim 2 has the operation which can secure the 
magnitude of attenuation of a desired attenuation band easily in invention 
according to claim 1 by considering as the surface acoustic wave filter according 
to claim 1 characterized by determining that the value of said inductance 
component becomes said predetermined attenuation band frequency about the 
parallel resonating frequency which happens with said surface acoustic wave 
resonator and said inductance component. 

[0017] Invention according to claim 3 has the operation which can secure the 
magnitude of attenuation of a desired attenuation band easily in invention 
according to claim 1 or 2 by considering as the surface acoustic wave filter 
characterized by forming said inductance component in a low-temperature 
baking ceramic substrate top or its interior, attaining a miniaturization. 
[0018] In the surface acoustic wave filter which invention according to claim 4 is 
constituted in two or more 1 terminal-pair surface acoustic wave resonators 
formed on the piezoelectric substrate and said piezoelectric substrate, and has a 
predetermined passband and a predetermined attenuation band An inductance 
component is connected to at least one surface acoustic wave resonator which 
arranged two or more surface acoustic wave resonators on juxtaposition between 
the input terminal and the output terminal, and was arranged on said 
juxtaposition at a serial. By considering as the surface acoustic wave filter 
characterized by connecting between said surface acoustic wave resonators 
respectively in the transmission line, it has the operation which can realize 
desired magnitude-of-attenuation reservation easily. 



[0019] Invention according to claim 5 has the operation which can secure the 
magnitude of attenuation of a desired attenuation band easily in invention 
according to claim 4 by considering as the surface acoustic wave filter 
characterized by constituting said transmission line from an LC circuit, attaining a 
miniaturization. 

[0020] Invention according to claim 6 has the operation which secures the 
magnitude of attenuation of a desired attenuation band easily by considering as 
the surface acoustic wave filter characterized by determining that the value of 
said inductance component becomes said predetermined attenuation band 
frequency about the series resonating frequency which happens in invention 
according to claim 4 or 5 with the surface acoustic wave resonator arranged on 
said juxtaposition, and the inductance component connected to said serial. 
[0021] Invention according to claim 7 has the operation which can secure the 
magnitude of attenuation of a desired attenuation band easily by considering as 
the surface acoustic wave filter characterized by forming at least one or more 
components in a low-temperature baking ceramic substrate top or its interior in 
invention given in six from claim 4, attaining a miniaturization more. 
[0022] Invention according to claim 8 has more the operation which reservation 
of a damping property can realize easily by considering as the antenna common 
machine which consisted of claims 1 using those at least one in invention given 
in three, or invention given in seven from claim 4. 

[0023] Hereafter, the gestalt of operation of this invention is explained using 
drawing 6 from drawing 1 . 

[0024] In addition, the same number is added to the same component in drawing 
6 from drawing 1 . 

[0025] (Gestalt 1 of operation) The frequency-characteristics drawing and 
drawing 3 of the representative circuit schematic of the surface acoustic wave 
filter which drawing 1 shows the gestalt of operation of the 1st of this invention, 
and drawing 2 are the representative circuit schematics of a surface acoustic 
wave resonator. 



[0026] The surface acoustic wave filter 2 in drawing 1 consists of the surface 
acoustic wave resonators 21-24 formed on the piezoelectric substrate 1, the 
inductance components 31 and 32, an input terminal 4, and an output terminal 5. 
One [ each ] terminal of the inductance component 31 is connected with an input 
terminal 4 and the surface acoustic wave resonator 21. The other-end child of the 
surface acoustic wave resonator 21 , one terminal of the surface acoustic wave 
resonators 22 and 23, the other-end child of the inductance component 31, and 
one terminal of the surface acoustic wave resonator 24 and the inductance 
component 32 are connected. The other-end child of the surface acoustic wave 
resonator 24 and the other-end child of the inductance component 32 are 
connected to an output terminal 5, and the other-end child of the surface acoustic 
wave resonators 22 and 23 is grounded. 

[0027] Drawing 2 expresses the example of frequency characteristics of the 
surface acoustic wave filter 2. A frequency is shown on an axis of abscissa by 
frequency characteristics 7, and the passage property (dB) is shown on the axis 
of ordinate. In frequency characteristics 7, it is considering as the passband 72, 
the attenuation band 73, the low-pass side attenuation pole 74, and the high 
region side attenuation pole 75. 

[0028] Drawing 3 is the equal circuit of a surface acoustic wave resonator, and is 
expressed with the form where one terminal of port 2d, static equivalence 
capacitance 2c, and dynamic equivalence inductance 2a was connected, the 
other-end child of dynamic equivalence inductance 2a and one terminal of 
dynamic equivalence capacitance 2b were connected, and the other-end child of 
dynamic equivalence capacitance 2b and static equivalence capacitance 2c was 
connected to port 2e. 

[0029] For example, if the equal circuit of drawing 3 is applied to the surface 
acoustic wave resonator 21 and the inductance component 31 of drawing 1 , 
dynamic equivalence inductance 2a, dynamic equivalence capacitance 2b, and 
static equivalence capacitance 2c and the static inductance component 31 will be 
set to L1, C1, C2, and Lp, respectively. Under the present circumstances, when it 



thinks only with the surface acoustic wave resonator 21 , that series resonating 
frequency fs and parallel resonating frequency fp are expressed with a formula 
(1) and a formula (2), respectively. 
[0030] 

fs=1/(2xpixroot (L1xC1)) - Formula (1) 
fp=1/(2xpixroot (L1x(C1xC2)/(C1+C2))) - Formula (2) 

When the inductance component 31 (Lp) is connected like drawing 1 here, the 
series resonating frequency fs2 and parallel resonating frequency fp2 at the time 
of considering that the surface acoustic wave resonator 21 and the inductance 
component 31 are one component are expressed with a formula (3) and a 
formula (4), respectively. 
[0031] 

2= 1/(2xpixroot (L1xC1)) of fs(es) - Formula (3) 
fp2=root (A**root(AxA-4xB)/(2xA)) - Formula (4) 
It corrects. A=C1xL1+C1xLp+C2xLp - Formula (5) 
B=C1xC2xL1xLp - Formula (6) 
It comes out. 

[0032] Since the series resonating frequency does not change even if it connects 
a component to the surface acoustic wave resonator 21 here at juxtaposition, a 
formula (1) and a formula (3) are in agreement, and serve as fs=fs2. 
[0033] A formula (4) is explained using drawing 4 . 

[0034] Drawing 4 is drawing having shown the frequency characteristics of the 
susceptance of the surface acoustic wave resonator 21 and the inductance 
component 31 . It considers as the susceptance 8 of the surface acoustic wave 
resonator 21 , and the susceptance 9 of the inductance component 31 , and the 
asymptote of a susceptance 8 and a susceptance make an intersection 82 the 
zero point of a susceptance 8 an intersection 81 and whose frequency are not 
zero about an intersection with zero. 

[0035] If susceptances 8 and 9 are compounded here, it will become a 
susceptance 10 and a zero point 101,102 will appear in the frequency before and 



behind an intersection 81. This frequency is set to fp2 in each. What is necessary 
will be just to set the value of Lp that it consists a zero point 1 02 of a formula (4) 
in the band of an attenuation band 73 since the passband 72 here serves as an 
intersection 81 mostly. In that case, since there is no effect of Lp in fs2, if Lp is 
made into a desired value after defining the property of a passband 72, both of 
the properties, a passband and an attenuation band, are easily securable from 
fs=fs2. 

[0036] In addition, these inductance components 31 and 32 can also exclude one 
of inductance components in view of a desired damping property. Moreover, if an 
inductance component is formed with a low-temperature baking ceramic, it is 
also possible to form an inductance component in the interior of the package (not 
shown) which mounts a piezoelectric substrate, and to miniaturize. 
[0037] Moreover, it is obvious that a surface acoustic wave resonator may 
change an element number and a configuration according to the passage 
property of not only three elements but a request and a damping property like 
drawing 1 . 

[0038] (Gestalt 2 of operation) The representative circuit schematic of the surface 
acoustic wave filter which drawing 5 shows the gestalt of operation of the 2nd of 
this invention, and drawing 6 are the frequency-characteristics drawing. 
[0039] The surface acoustic wave filter 11 in drawing 5 consists of the surface 
acoustic wave resonators 111-113 formed on the piezoelectric substrate 1 , the 
transmission line 121 ,122, an input terminal 4, and an output terminal 5. One 
terminal of the transmission line 121 is connected with an input terminal 4 and 
the surface acoustic wave resonator 111. The other-end child of the surface 
acoustic wave resonator 1 1 1 and one terminal of the inductance component 131 
are connected. The other-end child of the transmission line 121 and one terminal 
of the surface acoustic wave resonator 112 and the transmission line 122 are 
connected. The other-end child of the surface acoustic wave resonator 112 and 
one terminal of the inductance component 132 are connected. The other-end 
child of the transmission line 1 22 and one terminal of the surface acoustic wave 



resonator 113 are connected to an output terminal 5, the other-end child of the 
surface acoustic wave resonator 113 and one terminal of the inductance 
component 133 are connected, and each other-end child of the inductance 
components 131-133 is grounded. 

[0040] Drawing 6 expresses the example of frequency characteristics of the 
surface acoustic wave filter 1 1 . A frequency is shown on an axis of abscissa by 
frequency characteristics 14, and the passage property (dB) is shown on the axis 
of ordinate. In frequency characteristics 14, it is considering as the passband 142, 
the attenuation band 143, the low-pass side attenuation pole 144, and the high 
region side attenuation pole 145. 

[0041] Although expressed like the gestalt 1 of operation in an equal circuit like 
drawing 2 , the surface acoustic wave resonators 111-113 will become that the 
series resonating frequency which the surface acoustic wave resonators 111-113 
have from the first lowered by the inductance components 131-133 here, if the 
same view as the gestalt 1 of operation is used by connecting respectively the 
surface acoustic wave resonators 11 1-1 13 with the inductance components 131- 
133 at a serial. Thereby, the series resonating frequency by the synthetic 
impedance of each surface acoustic wave resonator and each inductance 
component with which the parallel resonating frequency of each surface acoustic 
wave resonator was adjusted to the desired passband by the inductance 
components 131-133 becomes possible [doubling with a desired attenuation 
band ]. 

[0042] Moreover, by connecting each surface acoustic wave resonator in the 
transmission line, it becomes possible to take impedance matching between 
each surface acoustic wave resonator, and the surface acoustic wave filter which 
secured the magnitude of attenuation of an attenuation band by the low loss 
more can be realized. 

[0043] In addition, it is also possible to transpose each transmission line to LC 
circuit. 

[0044] Moreover, the inductance components 131-133 can also exclude some 



inductance components in view of a desired damping property. Moreover, if a 
part or all of said transmission line, LC circuit which replaced said transmission 
line, or an inductance component is formed with a low-temperature baking 
ceramic, it is also possible to form an inductance component in the interior of the 
package (not shown) which mounts a piezoelectric substrate, and to miniaturize. 
[0045] Furthermore, it is obvious that a surface acoustic wave resonator may 
change an element number and a configuration according to the passage 
property of not only three elements but a request and a damping property like 
drawing 5 . 

[0046] The gestalten 1 and 2 of operation were adapted when a surface acoustic 
wave resonator had a desired passband and a desired attenuation band larger 
than the series resonating frequency fs and parallel resonating frequency fp 
which it has from origin, and the resonance frequency used as a passband has 
realized setting out of the resonance frequency which serves as an attenuation 
band, without changing. 

[0047] If frequency spacing of a passband and an attenuation band is only 
changed, it is also possible to set up resonance frequency made into a passband, 
without changing the resonance frequency used as an attenuation band which 
connects a surface acoustic wave resonator and an inductance component to 
juxtaposition, respectively between a circuit, and the input terminal and output 
terminal which connect an inductance component to a surface acoustic wave 
resonator between an input terminal and an output terminal elsewhere at a serial. 
[0048] However, in that case, it becomes the form where a signal passes an 
inductance component in a passband, and since it is worse than the Q value of a 
surface acoustic wave resonator, when a signal generally passes [ the Q value of 
the inductance component ] in the passband of a surface acoustic wave filter, a 
resisted part will become large, and passage loss will become large as a result 
actually. 

[0049] Although it sets it as the object of the invention to make easy magnitude- 
of-attenuation reservation of a desired attenuation band in this invention, it writes 



in addition that it is invention taken into consideration also about passage loss. 
[0050] 

[Effect of the Invention] In the surface acoustic wave filter which is constituted in 
two or more 1 terminal-pair surface acoustic wave resonators formed on the 
piezoelectric substrate and said piezoelectric substrate, and has a predetermined 
passband and a predetermined attenuation band according to this invention as 
mentioned above Securing the magnitude of attenuation of an attenuation band 
to juxtaposition by considering as the surface acoustic wave filter characterized 
by connecting an inductance component can be easily realized to at least one 
surface acoustic wave resonator connected to the serial between the input 
terminal and the output terminal. 

[0051] Moreover, by considering as the surface acoustic wave filter characterized 
by determining that the value of said inductance component becomes said 
predetermined attenuation band frequency about the parallel resonating 
frequency which happens with said surface acoustic wave resonator and said 
inductance component, when an attenuation band is a frequency higher than a 
passband, magnitude-of-attenuation reservation of the attenuation band of a 
surface acoustic wave filter can be realized easily. 

[0052] Moreover, it is constituted in two or more 1 terminal-pair surface acoustic 
wave resonators formed on the piezoelectric substrate and said piezoelectric 
substrate, and sets in the surface acoustic wave filter which has a predetermined 
passband and a predetermined attenuation band. An inductance component is 
connected to at least one surface acoustic wave resonator which arranged two or 
more surface acoustic wave resonators on juxtaposition between the input 
terminal and the output terminal, and was arranged on said juxtaposition at a 
serial. Desired magnitude-of-attenuation reservation can be realized by 
considering as the surface acoustic wave filter characterized by connecting 
between said surface acoustic wave resonators respectively in the transmission 
line, without degrading an insertion loss. 

[0053] Furthermore, it is also possible to constitute said transmission line from an 



LC circuit. 

[0054] Furthermore, by considering as the surface acoustic wave filter 
characterized by determining that the value of said inductance component 
becomes said predetermined attenuation band frequency about the series 
resonating frequency which happens with the surface acoustic wave resonator 
arranged on said juxtaposition, and the inductance component connected to said 
serial, when an attenuation band is a frequency lower than a passband, 
magnitude-of-attenuation reservation of the attenuation band of a surface 
acoustic wave filter can be realized easily. 

[0055] Moreover, a surface acoustic wave filter with easy magnitude-of- 
attenuation reservation is realizable by forming the inductance component of the 
above-mentioned surface acoustic wave filter, the transmission line, and LC 
circuit in a low-temperature baking ceramic substrate top or the interior, attaining 
the miniaturization of a filter. 

[0056] Moreover, an antenna common machine with more easy magnitude-of- 
attenuation reservation is realizable with constituting an antenna common 
machine using at least one of the above-mentioned surface acoustic wave filters. 
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[Brief Description of the Drawings] 

[Drawing 1] The circuit diagram showing the surface acoustic wave filter 

configuration by the gestalt of operation of the 1st of this invention 

[Drawing 2] Frequency-characteristics drawing of this surface acoustic wave filter 

[Drawing 3] The representative circuit schematic of this surface acoustic wave 

resonator 

[Drawing 4] Synthetic impedance-characteristic drawing of this surface acoustic 
wave resonator and an inductance component 

[Drawing 5] The circuit diagram showing the surface acoustic wave filter 
configuration by the gestalt of operation of the 2nd of this invention 
[Drawing 6] Frequency-characteristics drawing of this surface acoustic wave filter 
[Drawing 7] The circuit diagram showing the conventional surface acoustic wave 
filter configuration 

[Drawing 8] Frequency-characteristics drawing of this surface acoustic wave filter 
[Description of Notations] 

1 Piezoelectric Substrate 

2 1 1 Surface acoustic wave filter 
21-24,111-113 Surface acoustic wave resonator 

2a-2e Equal circuit component of a surface acoustic wave resonator 
31, 32,131-133 Inductance component 
121,122 Transmission line 

4 Input Terminal 

5 Output Terminal 

7 14 Frequency characteristics of a surface acoustic wave filter 

72.142.152 This passband 

73.143.153 This attenuation band 

74.144.154 The said low-pass side attenuation pole 
75,145 The said **** side attenuation pole 

8, 9, 10 Imaginary part (susceptance) property of admittance 



82,101,102 Zero point of the said division 

81 Asymptote of Imaginary Part (Susceptance) Property of Admittance 
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